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Electrodiagnosis of Muscle Disorders
This paper will consider the efficacy of both well-established and some recently developed electrodiagnostic techniques as indicators of myopathy or primary disease of muscle fibres. Particular attention will be given to the applicability of these techniques in a routine electrodiagnostic clinic, as opposed to a research laboratory, when judged by the following criteria:
(1) Simplicity will encourage routine use and enhance the value of the test, particularly when performed by trainees.
(2) Comfort for the patient and speed of completion will allow other confirmatory tests to be performed and several muscles to be studied, at a single attendance. These considerations are essential with children when follow-up studies may be necessary.
(3) Economy requires that routine equipment must be used, although once a technique is established bulk-production of specialized equipment can reduce costs considerably. (4) Objectivity which increases accuracy is difficult to achieve. Electrodiagnosis remains a largely clinical exercise in the decision as to which muscles should be studied, and how extensively, to avoid sampling errors. If a technique provides a permanent photographic or taped record it can be read by an independent observer. (5) Sensitivity should be sufficient to detect mildly affected cases, but not so great as to produce false positive results. Since myopathic changes are frequently patchy within individual muscles, sampling must be as widespread as possible.
Electromyographic Exploration
Most workers prefer to use monopolar concentric needle electrodes for routine use. For quantitative studies it is essential to ensure uniformity of production, particularly with respect to the surface area ofthe central core.
Denervation potentials: In myopathy the confusion arising over the detection of fibrillation potentials may partly be due to lack of agreement over terminology. Experience indicates that fibrillation should be defined as sustained, regular, short-duration, diphasic discharges occurring at rest. Other short-duration discharges may not be of significance. Profuse fibrillation potentials, accompanied by longer positive waves, are often present in both proximal and distal muscles in active polymyositis. Although fibrillation potentials were recorded in a few cases of triamcinolone myopathy reported by Williams (1959) , it is my experience that fibrillation is not present in myopathy due to prednisone overdosage, in visceral diseases such as asthma and nephrosis, nor is the serum creatine phosphokinase (CPK) level raised. These facts can be of help in indicating the nature of myopathy in cases of collagen-vascular disease whose weakness persists or increases on steroid treatment (Yates 1971 ). If fibrillation is absent and the CPK normal the myopathy may well be due to hypercorticism and improve with reduction of steroid dosage. On the other hand, the presence of definite fibrillation potentials and a raised CPK suggests a complicating polymyositis and indicates that steroid dosage should be increased. This should bring about an increase in strength, diminution of fibrillation and a fall in CPK.
The occasional finding of true fibrillation potentials in cases of chronic dystrophy is perhaps explained by the recent work of McComas et al. (1971) who have shown a reduction in number of functioning motor units in dystrophic muscle. This suggests that the primary lesion is in the motor neurone and that changes in the muscle fibre are secondary, but if so it is surprising that fibrillation is not more frequently present.
Volitional activity: The characteristic change in myopathy is that individual muscle action potentials become shorter in duration, smaller in amplitude and more polyphasic than normal. This reflects a diffuse loss of fibres throughout the motor unit. In gross cases there is both an audible and visual change of the volitional activity pattern, but subjective assessment is far too inaccurate to be relied upon in milder cases. Frequency analysis of the pattern has so far proved too inaccurate and difficult to quantitate from multiple samples. Lenman (1959) related the integrated electrical activity produced by a muscle to the mechanical tension achieved and showed that myopathic muscle produces relatively less contractile force than normal for a similar degree of electrical activity. Although having the merits of simplicity this method has not proved sensitive enough for routine diagnostic use. Willison (1964) has devised a method of analysis of the interference pattern when the muscle is operating against a set load. In myopathic disorders the mean spike amplitude is diminished. Standardized equipment is now available commercially which produces automated results and allows widespread sampling without selection. Data is not yet available as to the sensitivity of the method in detecting mildly affected cases.
Single motor unit potential studies: The estimation of mean potential duration (Buchthal et al. 1954) has been in regular use in a number of centres for some time. It can be performed on routine equipment and although the technique is a little tedious it can quickly be learnt. It has been shown to be sensitive enough to detect the development and recovery of endocrine myopathy (Yates 1963) , and the carrier state of Duchenne muscular dystrophy (Gardner-Medwin 1968), and has been shown to give normal results in disuse atrophy (Pinelli & Buchthal 1952) . Independent measurements of the records can easily be made but this has the disadvantage that the observer may be subconsciously biased by his clinical assessment towards the recording and measurement ofshorter or longer potentials. Most children cannot cooperate sufficiently to obtain suitable records at minimal voliton. Some of the tedium can be lessened and accuracy probably increased by using a delay line (Nissen-Petersen et al. 1969 ). Shortening of the potential duration is not a completely specific indication of a myopathic disorder since it is occasionally encountered in chronic degenerative neuropathy and in regenerating peripheral nerve lesions. Conversely, in chronic polymyositis long duration polyphasic potentials may predominate.
Using a multi-electrode probe, Buchthal et al. (1960) showed that the motor unit territory was reduced from normal in myopathic disorders. The method requires elaborate equipment and is too time-consuming for routine use. Ekstedt (1964) , using a special electrode, has recorded action potentials from single motor fibres. He has subsequently shown that in myopathy abnormalities of neuromuscular transmission produce an increased degree of 'jitter' and blocking. Similar abnormalities are present in amyotrophic lateral sclerosis and myasthenia so that, although of great interest, the complexity of the method and lack of specificity in the results restrict its value in a routine diagnostic clinic. Various research centres have evolved techniques of motor unit potential analysis using elaborate computer systems. Although their results are encouraging, no foolproof system has yet emerged and the expenses involved are beyond the scope of a routine department.
In spite of intense efforts in the last decade there is still a lack of a satisfactory electrodiagnostic indicator of myopathy. Perhaps the very nature of the various disorders renders this goal unattainable. For the present, several imperfect methods are available, each with its own limitations. For routine diagnosis it is probably best to develop one technique as thoroughly as possible, including the establishment of adequate control data. When writing reports for the uninitiated, care should be taken to give due emphasis to alternative diagnoses, and to advise that the results should be balanced against other data, particularly the serum enzyme levels and the results of histological and histochemical findings.
